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(54) LASER BEAM MACHINING METHOD AND LASER BEAM MACHINING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object, 
without developing a crack or welding on the surface of 
the machining object, and efficiently. 
SOLUTION: Inside the machining object 1, a reforming 
area is formed by radiating a pulse laser beam L onto 
the predetermined line 5 for cutting, under the condition 
of causing multiple photon absorbtion, and making a 
condensing point P agree with the inside of the 
machining object 1. The pulse laser beam L is a linear 
polarized light, and its direction is controlled so as to be 
along the predetermined line 5 for cutting. By splitting 
the machining object 1 along the predetermined line 5 
for cutting making the reforming area a starting point, 
the machining object 1 can be cut with a comparatively 
small force. Since in the irradiation of the laser beam L, 
the pulse laser beam L is scarcely absorbed on the 
surface 3 of the machining object 1, the surface 3 is not 
melted caused by the formation of the reforming area. 

Since in the reforming area, the size in the direction along the predetermined line 5 for cutting 
can be made relatively larger, the reforming area along the predetermined line 5 for cutting can 
be formed with a small shot number. 
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(57) mm: «giEW) 

•7 -Y > 5 CCfS-j ■OJQX.ttMk'M 1 c £ Cc J: »J . Jttt 




unmm 1 1 1 «*©«n*©itR«** o/tu- tf 
*©ai36jS*ttiis**«iort»«:^t3i±36»o u— tf*© 

5-f>£»9«fc9»c. weflnxat jm» tc u — if* 4 bb#j 

[!t*S2 ] 1 «i*©*H*©«R«*4 l>fcl/-f 
*©^j**SPX^**J(DrtS|5tC^*5-ti^o u-1f*© 

tBR«***T«no^«s«rEJSnx»*«jo«wi(fjiffi 

AUxlO' (w/oit 2 ) M_k~Cfr'?sVlMSi> i 1 u sfcTF 

©3e#t u -if *£fls»f-r sciKii miaWK^S 
tM >ic?&o r Btrfaflnxstm^crtaiK >7?? fitts* 
jBiiR-r4xg*«A4. u— tfflnx^ 

[g»*^ 3 3 1 «fl-©WR*©«R«** L/c U— If 
36©flU6jS*ftIX«*«jorta5«:^to-«i*>-3 L— tf*© 

^-oifS^i^tc. mfcs&c *j w s f - if j-i v -s&k 

#1X10' (W/cm 2 ) «±-C^o^';l/^itI# 1 /is«T 
©^ffT-U— tf*4MWt-SCi(CJ:0, BuietpJW^E 

£t?3s«««*j&fiJE-rsxa*«*.a, i>— tfjunx^ 

[«*«4 ] 1 J^©1«Rl£©tSR(g*&L/<:U--tf 
*©***=SrJt)nXStSt<gJ©rtgPK:^*D-if #>o u~lf*© 

t»Rffl**«-r«R©s#*sMia*nx*f^©w»f^^ 

5-f>£?&5<J:5ic, Ift* * it isW5f-^7 -IBS 
*U x l 0 9 (W/cm 2 ) &l±.-etf>-Ort>l>?>mtfi 1 nsfcTF© 

sfctttu- tf**«8*f-r-£.ci«:j;o. mrnm^izv 

^>{cffi-D-Ct?se3!jax*f#t*i©rtS|J«:®#r*^{bb?c 
1R«r*4JB*f^C^t«**#tffBScft««*}eRS-r4X 

U— IfflnXTjffi,, 
C Mftg 5 3 Wi3«R«*ttff R**^©ttJ§lffiI*T 
*5. ~4©i/»-r*a*«Kie*8©u— tfttix* 

[ imm 6 3 ttriati R<g*©tf r^* 1 / 4 

iais©i — imix^fffi. 

[»#«7] Htf8a*»«J«*»fiW4Xga. 1/2 
*Stg(Cj;f3 U— !f*©fi§*£BS90° ft:WIH63li 
X % 8ffl3»lX*t*«J{CU— !f**KSW^4Xg*«A 

ts*^ i -6©ti-rn*Hcia*g© u-tfjpx*a. 

^iattix*f^©Ji$*iS)4i4<t lt, MiaJjnx>rta% 
£Bg9 0' KwiKstr, H5riaft]X*t^{cu— if* 
*flHSt-j-*xfi*«a.*. ng&s i - e©i>m*»{cia 
$s©u— ffflnx^rft. 
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[»*a 9 ] 1 kW©«R*©*f RH** Lfc L— tf 
*©Jg**£^X#j^©rtSBCt^frti-#>-? u~tf*© 
WRflB6*«*«R©^JWIBtoXtt*«©W»rF5£ 

7-/>tcfS«ut, B5saftix*f^c<;u— tf**Bg 
w-rsciccto. B?iay)ir^^5'/'>{c?&orBuiatti 

B»«4*liff4M6iit4. L— ifjjnx^ft. 
[ift*il 1 0 3 '-Oizmft 1 ysWT©^"^ L— tf 
*£W*hr <5U — !f*«i. 

BiTiau— *f*jS^6ta»?n/c/N-;l/^ u— y** uy* 
10 ©«R*©t«Rffl*{CiagB-r-5>«R^ISIgi5^gi, 
BufatfR^i@l5^©{c«fcOiagi5§n/c^ - ;ux u-if*© 
«Rli**«^«no«l****nx*f*«l©«lBr^^-7 -/ 

wi%zgM$m&&<£<k*)mB-£titt'<>i'Z u-if*©» 

ft&<DV-i"*'J-&ffifi 1X10' (W/cm 2 ) OXliCtj; 
ZJ: Stc/tjvz U— tf**H*-T £**^«£. 
B«faft*^aic j; 0 JS*3 ftfcx** u— tf*©*** 

WSSflWrPJE? -OKS-o U— If *©»*■£<& 
20 ffi*fWCC^tt;S-l±££tt^6i£. 
4fA5, U— tfttJXigg. 

^•;b^L-1f*©(i*5:BS9 0" m-t®fcfflBT2>9 0 

• B<BHffi#®4«*.4. n*3i otem©u— tfjinx 

C»*B 1 2 ] WE*DXSt*i»©fl|S*R*tt<i: Lt 
IWHl)nX*f*«l*s*S«3tl**ll#*IS9 0* /cW@SS 

$-SSlili5#©*ffi^€». »*si offittou— ifflnx 

SB. 

30 [it#Jg 1 3 3 rttoXlfcifi 1 m sWT-C& -jtiS^t 

««*4W-r*^^^ l— !f**ais*^s u— tf*js 
Bute u-if *?s^6 mifs n/^-ou* u-tf *©iiB<i 

mizmmmxm&^mt* opsssn^^u^u— if* 

©H*3©f-£/-W-®fi#s 1X10' (w/cm 2 ) «± 
«Ctt4«t 5«c^l/^ U-tf**JI*^5**^Si. 
«r3Bft**ia«: J: «3 S*3 tltc'OlZ L—tf *©«*.* 
40 *flnx*fm^i©p«3g|5K:^-a-s^Si> 

mriawK^ ^tcfs-^ r^*;vx u-tf *©**** 

u— tfJrax^g, 
[^©S^iffl/jrSiHjJ 
[0 0 0 1 3 

3 tl 2 U - -9 s ttlX^ffi^O' u - IfflnXSSK mt ^ . 
[0 00 2 3 

so :mx<D&ffi] u— tfjsffl©— o«nww*i*o. u— tf 
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-■?ft<?>w.mc <fc n ®m-r zmmic*n.>xmxmmii<D 
r. mx^mm^mw^ *^©*§£. ^ig^^cc 

^ffitC^j^nM^**^©^ ±IBfi^gli22fC{ii 
giT&¥*f*«T#^l!&t-£Sft#*£o 10 
[0 00 3] 

[ mM&nm u £ 5 <t -r £ mm ] mxnmm^mmom 

m*&j±~?Z>JfW:t LT. ^R«. #532 0 0 0-2 1 
9 5 2 8-*f&#H*tSPj2 0 0 0-1 54 6 m&mcffl 

[0 0 04] b#>U Clti<E.cD^RCDW^Srtt. ftl 20 

t&$>&. .tor. c^eo^JK^ri-c^ti^K^-r 
sci^-e*^,, mxttm.m&mmfcv 

}f^$+ifc*f5 *»«©»£. co^iEKcSlftccj; 0 

Ci*s*S. Sfc. Cft£©«^rii¥*3A;fri* 
Jm="-^#^(Dt:\ 7^C^Sf^W^> 30 

[0 005] *#|B^O@Wi*. JOI*f*«I©*EK:^ 
[0 006] 

1 tW©«n*©«Rffl*4 bfc U -if*©* 

#4fiT*R©^#fflx»jR»©w»ff5£9-f>£i& 40 
5 <t 5 ttc . munmrnic is—yftimm? z> c t tc & 

RiR CC J: S ®M%¥M*m&? Z> XS* ffi* & C i 

[0007] *«wcc«« u— !f*nx*ftfc «tn«. fin 
gi^©rt^fc&sf^£0j&u-t<,>& o flnx#tmi^©£i 
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^7-f>Cc?9o-CttlX>i*^*sfinsci«:j;»3. a 
I»*»*«Hlr'r4C4*«'C*4. ioT, JtfKfcj/hS 

^■cjnx3t^*^»f-r*c<h^-c*s©-c. flnx*t 

S4?ti5ci*< flnx*t^©^J»f *niJS& 4 % 5. 

[0008] s/c. *mmtmi> u--fmx^mc^n 
■ctt«««%^fiSixri»s. iot, Jjnx*fgtfa©3iffi 

■Ctt U - *F%& ti<tA/<i:®lRS*T,^Cli©"C > JJ0X*t&!$J 

*#i*l/fcaBiOC4T*4. tfJSrPJE^-fl'ttiniX 
*T«i«i©Siffi^rt»{cS99i«c5[*»tifcillrfe«tc> ^ 

[0 00 9] S fc, #Amccft« b-ifftnX*?iKj:ti 

«. u-ifj^»RfB***"rfliR©et»*«tto:«-*!W 

©^tfr^E^-^ijO^^ic. JDXSsffl^tCU-if^ 
^aajff £ 1 4CC<fc 0?«K««*JglSl/rc»4. *£6i» 
#«:,fc*i«. »Rfi#4l,fcU-lf#*m»*>£. tfR 

) £&«««©*&&#<£« StlSCtWofc. 
ct-o-C, «Rffl3t*ai*fflR©;R##ft#toX>tf*»© 

cooio] ^mumh u— tfani^tctn 

[0 0 1 1 ] CCr. tSR*i»tgR©@«©S$©* 
^■/Sf*©S$©¥^r^?,„ U— !f*©»R*!W/h3 

3 n*o^ n«^©^ ©^*5ffli$ii s n s . m 

3Wt?*5. ttttffl#tt«R*#*©»Rffl#-e*5. 
[0012] *I6B^(C^S U— y*0X*ffi«, 1 Jit?f© 

©rtastc^^-o u— tf*©«Rfl***-r»R©fi 

(cfcwsf-^^-^-sgadsi x i o* (w/cm 1 ) feLhr 
^o/^u^iflAi l MS JWT©^fr"CU— t^iMW-TS 
CidC^iJ. W»f^5'i'>(C!'So-C*PX*f*^©F t 9gP 

[0013] xmwtcmz u— if»Dx*ffi«c <t*x«. an 
xs*^©rtSBtcm^?r^-i±-r . KD^tcteWS f 
->?/W-gg*5 1 x l 0' (w/cm 2 ) JSLh-cao-'W* 
itl^S 1 m sWT©*fr-C U - If* *flS*f LTCi'S, C © 



mtetm&utmmo-ffl-c & 3 © -e. cc^ 3 v - 

<> b— !fMX*5Bj«fe<tJ&:S. CCDU— tfJnX^SOttl 
fete. b--*^7-^i«. ^'JUX U-lfS&DaBfaS 

tt*sftix*f^<D^j»T^3E ccjjnx*f& 
wc \s—?yt*!m i/^scDT. ±te*^Bj«:^5 u 

[0015] *$«1!K#.& U— tfJJUX^tt. 1 j£W© 
ttFP|s©tll RMJfc* o tc U - if jfc^itJDlS***! 
©WStC^fo-l* #>o U -If #©«RflBe*J|*«R©ft 

«a*jjnx*f Mwvwwrpm ^■otm^^'i^ as** 

KfcW 1 x 1 0 8 (W/cm 1 ) W±~C 20 
3&>o^-;UXi®*s 1 u «&T©^ru--if*£BgltrS 
CiKit), tt»r^^>iC?9oTflnX^&®©|*|gB 

[0016] *«W«C«4 U— IffltlX^K: Jrtttf. an 

x»*w©rta.{c3afe£*^*>-tf T. tr 

-^C-fl&g*! 1 X 1 0" (W/crrf 1 ) lUX-C^Ov^jL-X 

r. ttX*f^®)©|*lg(5{*^^^iRiCj;oT^§TS { J^ttl 
f&StlS. COtt«iCCJ:»3SDX»^CD|*3g|5Cc^^ffl 30 

— *»fltcft4u- tfJjnx*S(cj:n 
«. Jnx*fm«j©a®tc^afe-f>^»r^s^-Y>*>6?fn 

fc^&g feSWa $ tt- 6 C £ fe < . U - If JJIX*s pj 

figife^,, c©u— tfanx^rffiosnxwm^iOTi*. 
[0017] *fc. u-if#©*n«3fc*ai-ritrc©fi 

Kl*iJ)DX*t^©WSff^S7 -C > itfi 5 J: -5 tcJJOXttft 
»cu--tf^MWLri^©f. i£$ii(ci^u 

[0018] *I6^CC^5 b — tfttJX73?±ii. 1 «34© 

it R^©tfR®** b tc u — if ^t<Dm%.^mxMmm 
©ftgptc^fcti-avo u -if *©ftrRfijBfc£*Ttf R©g 

tt*sfflX*f^!ft©«JBr^5E 7 -f > i?S 5 J: *> tc. SI* * 
(cteWS f-^/W-Sjg^i x l 0 s (w/cm 1 ) «±-e 

i^cj:^. ^^5Y>Cc&oTtaXW&1^©rtg|»c 
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[0019] u— tf*nx*a«: sn 

-^/-ty-gggrti 1 x l 0* (iv/cnO IU±.~Cfr"?'WZ 
*I*5 1 nsfelTO^frru— lf**fiS*fL-C^S. #2feBJ| 

*f^ft©F*?gP{c®cS#^i:, ^*-^M«Cj;&i*Jb 

tt-f *>ffi»SE{b. t£tf bXtt^raffl9©*iffittfetfr 
jeEfbw»itss*ira*f$^b«i«*ij&iSS*i4. c© 

•y-€.cife<. u>-tfsox*5pjfig<hfes, c©u— tffln 
x#ffi©flnx*t*«£orw:. m«* */5^*stjw 

[0 02 0 ] U-tf*©tf R(S*=&^-TtfR©S 

fci/- tfft£flgs*L-cus©-c\ lEWWKttiu 
— tf fax^££Rl4R(c . ««««*3»spfl«j{c»iiR-r?* . 
ifc. ^Br^7W>Jc?9orMXWmiB)*iW?B(c«jBf 

[0 021] ±ia*^Bj(cf^^ !f JDX*ffi{caffl-C 
**Ss«{*t{T©ii»3 "Cab -So 

[0 02 2] «R^*©«R*36*Wr5 U— tf*4ffl 
i>SCi*JT#S. «R*^©*|^r. SD^iB^ife^o 

ifij©^S4«^:Hiic i/-3-3*^-en^©*rsj©Tji*4 

Jft^Htcf Sci^Wttifei. *fc. WR(i*©tfR 
^ 1 /4 jgSS©^{4ft^{tK J: 0 Hgp-r -5 £ tifi-C 

[0 02 3] ^M^«=&ff5^-r *Xg«. 1 /2 Kftfi 

mm^t u — tf ytzmm? sci »^ . t 

•Bd*JPliW6IB«. fiOX*f*«i©/»3*iSi4lli o 
MX*f^4BS9 0° ftiWiieS-ti-r. tDX*tmt) 

x*f imommtei& -> tciv^mu^^mmm^m 

•CtrSo «*K. xiWrSiSaMIWflSjOWWr^ 

5£ 7 -y > «c » o fc^si pi*ss*^*w«:^-r s c i an? 

[0 024] Steffi 4 b— !TailI35rttB. 1 tw© 
tf R^©t«RlB*5: L fc U -If to*tat) 

©rt aJcc^t>*^o u — if *©«rm***-t«r©s 
m&mxftmmewm^m * j > «c?9 ^ «t ^ l r , »nx 

St^ft«:u-1f**MW-rsciCC<j;?). W^7-{ 



[0 0 2 5] *mtic%& if jjpx^Stc Jctitf t u 
-1f*CDt?R^*^^^fR<DS?^finx^m^CD^Sf 

^*>i±r»x^*«jtcu-if3fe*Rg*forciSo 

tt. ftlX»*tt5CU— 9%*«JRS«, ftIXS**«J*ft] 
#H Ms«T^^U^U-if^3S r ai*fT-5U"-1f*Sg 

u-if^ag^^a^sn^c^-^xu-if^ uy^ 

(OflR^cOtfRil^iCPgBT^tfR^Pfp^Si, ffR 
^iBSf^KJc cfc 0 USB 3 tifc^l/* U - if ifcODftRfiifc 

gp 3 tl/c / * Jl* X U - if 7fecD*7fe.^cD fcT ? - 
1 x l o* (w/cm 2 ) jy±Ccte-5<t5«:^;U^u-if3K* 

U-1f3feCD*^^JllX^^(Drt^tC^*)#^^|S 

[0 0 2 7] *»KK:«-S iffcnxilgfc: J;htf t ± 

X*f*ift©«ffi{ciglBi^>W»rPJE7 4 >fr t>fttitt& 
g&tm£^3i±£C<t&< , u-if^JBrSDXT&SpJfig 

»nxat*!ft©w»f?« ^>±?&5<fc5 «: jjpx*f **{c 

[0 0 2 8 ] _hfa*%HJCC^^ U~* tf flDXKBfcafflr 

[0 0 2 9] «PJ*gHfflS^©{cJ; 0*853 nfc/^Jl/X U 
- if TfecD® 3gg o° KttgHBrSQ 0° H^ts 
®*©*ffiA«j:5$c-r6c<fca*r*s 0 flax** 
ft«jCD«3*Iql^ttt or»xst*i»*sttK3nsii« 

[0030] *mttz%z> u-if jjnx^s«, 
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■tf**tH»-rsu-if*«i. u-if*«*6>a«3ti 

tew* \^-^<Dmmm^(o^tmiL^mi(Dmm 

^©b-^/^-Sgj&i 1X10' (w/cm 2 ) «±fcfc 

©Cc<fc0**3ti/cAj|/^ U-1fj|^i|M6**ttXSf* 

io ^^U-1f*0^«S^tB^tc^I&3if^^l!i^ 

[0 03 1 ] *»IBK«S U— if JJDX^gK J:h«, ± 
i3*^cc«&u-ifjjpx^ffi<tl3I«oiiatcJ:0, ftn 
XStft«j<D*BBCCigH^»r?5E^ >^6?fti/c^ 
*tt«ti*»^3#*c:itt<, u-ifftj»f«nx^pjSB 
i^So */c, **?atc«su-if»nxssa^j:nK, 

ilB^SIIBtc^SU-ifftix^iEHIlCc, 
^KT 5 c 4 #r * -5 . 

20 [0 03 2] 

[0 0 3 3 ] Wt4cD®JR(D^^> F+> y <t 0 fe*-?- 

30 u *5twccaw-c* t u-ifjfe<D?«K**S:(c^:*< 

■T^inhy >e c (D^# (n= 2, 3, 4, ■ • • r» 

5„ ^'^^«CD^. U-ifJfe<D^BU-if*<DftM£ 
j^©fcT-^^7-Sa (W/cm 2 ) r^^O, WiLCit"- 
^^7-fg3&q x l 0 8 (W/cm 2 ) K±©*frTjt*T- 

U-if*©l^l/^^fcO<Dx*jU+"-) - (U-1f7fe 

^>o ^/c itiftttoiS^, u-if*CDafiff»u-if*© 
40 ***CDKIMSS (w/cm 2 ) r«SS 8 

[0 034] C(DJ:^ tt^^RJRiWffl^a^HJSJK 

fficc^s u-ifftjxcDMSfcocira 1 ~~me*mi>x 
mi-rz. m 1 «u-ifjnx*cr)}][jx»ma 1 cdwi 

0, H2ttHl ICTikTlMXtt&m 1 
fcBfMHT* 0 , 0 3 « U-ifJinxa©JDX*f*» 1 

iv^tcfSo/c»fffi^"c&D, H5mg3ic^-r»nx>ct^ 

fflx>tfm®; i <D¥ffiHr**. 
50 [o o 3 5 ] b lRamz^-r^^^c. ^nx^ta^i 
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[0 03 6] U-lf*L^W»r^S^-Y>5tC?QoT 

«s«i»r?3e^ > 5 &c*So rjjnx*f&i8j 1 ©rtspcco* 

*mm» i # u-if*L*««r * c i «c j: o finx*ta© 
i*i^si«3»t«i«7*»jEa5r*ortttti». uax 
i k: i/-if*L*aa3#flnx»fi!ft 1 owgpcc 
i«e««*f^3tfr*«ii«7t^L,rc»«. cfc 
■5t, ttI^*|l(D*I3 , CBl/--"W6l#«i^ 
RiR 3 ft «C 1><D "C . JtoXS* *» 1 O^ffi 3 # jfflft-T -5 C 

[0 0 3 7 ] ftIXa**«J 1 ©WKCCteliT, WKt-^g 20 
BHcfiSas** ifipxSf** 1 »*©a^*6«hS<0 
■e, 16 ^c^Tcfc 5 6cit«fl€j/h3 ft^rjoi^ l * 

[0038] «t*s, KtM^a^i iy/c»nx*r*»© 

«J**WR3<i4«^-e*4 B Cftfct. 30 

r^xwrn^cfttf^^^w^^iiyto, jjdx 

MX»*«o»##**(,>»£\ «3*[SiccisK©esc» 40 
««*«JSS-r*Ci-CPlllB<ktt4. ate, c©e«5&cS0 
ft£i#t%&, ttBrTSWtffctel^ 

ft r c > a 1 4 ±0 as srm«^ci^<, 

U n > £ ^ ; ^<D4^gf*^ * ^ (D «fg < a & fflfa CC 
*S<crc\ ccDcfc^aM^ttojcc^JK^^A^W^ 

[0039] sr, **5feBMicte^r^3fe^®MCct 

9Jf5fiJE3ftS5fc««J8£OT, ( 1 ) - (3) 50 
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[0 040] ( 1 > ^ * * 

«?f^K^ 1 x 1 0 8 (W/cm 2 ) ttX-C^^'^Xig^ 1 

%>3t*wm*& c £ if oojax?tm%aHtc^fta 

»x^a^©rtgBcco*d7^^^««5 

Spec ra^ft^-KiRCc J: l> 5 35Ufc#«£T 

6o cco*^wa«K: j: o ttix*f»«iorta5*cjiftor^ 
awes ft. cntcj:Dflnx*fa4Si©rtgc^^7^^« 

X 1 0 11 (w/cm 2 ) -C*S. ^Vl/XiB«m«lns^2 

oons*«jr*o(rio ate. ^ttrnmc.^*?? 
m<D&mz. IS4 5Hu-if«flnxw^^»A 

1( 1 9 9 8$. 1 2^) <0m2 3H-J£2 8M<D r@ 

[0041] mw^s<b ?co*#3 

[0 04 2] (A)ttlI«*»:A-fu^x(a»iS 
S) #5* (/IS 7 0 0 urn) 
(B) U-tf 

: 1 0 6 4 nm 
U-f^^^|I|;3. 14xi0- 8 cm 2 

IS^JiMOM^ : 1 0 0kHz 

: 3 0ns 
a* : ffl^< 1 mj/^Vl.^ 
U-1f* a a nS : Taw 

(o mytmuy^ 

(D) ^W*W3^K§i3n4*afi©«itr»ffi: 1 0 
0mm/# 

ate, U-lfJtfnR^TE^^it*. U— tf 

[ o o 4 3 ] m i «±iES!«oft**7n-r 7 r* 
u - -tf *a ©-cK^*g« t - ^ / %" 9 s *i 

^> D ^-7^*cDSAr^-rx-^^m*fflu>X (c) 



11 

<om%L& loos, mn$L (na) #0 . so ©w^ca 

(C) 5 Ofg. KP^S (NA) ^0. 5 5©iS^ 

T&£ 0 t'-^/^-WlO 11 (W/cm')SS^6 

MX*t^C>l*)9UC ^ ^ * # ? h 3&S»4 U tf- ^ 

* *«i©fcj£«:cfc &Mx^1&©W6K<d^#~ 

XAtCO(,>TH8— H 1 l»r»-r^o H8£C^ 
T£^c. ^3fe^(RjR^^*^rtoX*f*^l©rt 
8BtCSi*jSP4^fc-&r U-1f*L%lIDX*f*«J 1 6CJH« 

OSiS-C&S. H9CC^*-£5K*7*£»«9*ej5 

^ ? *#fini*Mfc!85 1 cd^3 iSM2 i icnmi>. m 

1 1 tc^ri:5tcSpx^Wl^fijtiSCitcJ:0ttlX 

[0 04 5] ( 2 ) %KM4W«lwaffi4ia>«^ 
?fflSW 1 x 1 o 5 (w/cm 2 ) J&l±r*o^^U^iH3&s 1 /xs 

*/ y n >**gA«« MusimiBm « #a 

WiHl x 1 o 12 (w/cm 2 ) rtfrxmtm 
Ins- 2 0 0nsrt*jr?*LH 0 

^n^ci £hrk: cfc 0 5si5 l /c. mm 

[0 04 7] (A) i/'j3>»)*^ (*S 

3 5 0 urn, ?FS4-f>^) 
(B) U~1f 
%JR : ^3W*u — tfJBfiNd:YAGU— 9 
: 1 0 6 4 nm 
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W6X# v hBrffiS: 3. 14xio- 9 cm z 

ifttJigUSiSS : 1 0 0kHz 

: 3 0ns 
ai^J : 2 0 m 3/^1/* 

U—tf^n a n®:TEM, 0 

(c) «*JBl/>X 
(S* : 5 0 fS 

10 isft : 0 . 5 5 

(d) mi&mi&nMstizms&v&nmg.: 1 o 

0 mm/# 

HI 2«±gB^ffT<DU-1fJPXCC<fcO^Wr3*i/c->U 
n > ^ * m©— KiH<D¥Jt££ ofcHr* 
£ 0 ->U3>«?x/M 1 ®nffiCCjgnU&9«R« 1 

a««©WS*W(D*:*Sttl 0 0 MmfMfi-C^6 0 
[0 048] SS^SM^ 1 3 #£#^«iRtt:J: OffM 
20 2ti1tZ£%&fgj-fZ. m 1 U-1f7fecDjgS<hV 

»; n >lgOf^t^ 5 0 m, 100/im, 2 0 0 Mm, 
50 0 /im, 1 0 0 0 MmCOS^5C^lir±f3BB^47Kb 

[0 049] ^x.^, Nd:YAGU-1fcDiSS-C^^ 1 0 6 
4nmtC*5l>T, ^y3>IS(D)IW5 0 0 MmfcTF© 
^> 'J a >StR©rtSB*C« U -If** 8 0 %&±3k 
30 it-r^Ci^^^, 0 Hi 2CC^$x»;n>^^/> 1 1 
<DJ?3(*3 5 0 MmT&SCD-C, ^^CRiRCC J: 

1 7 5 MmCOffl5»tC}gj0E3tl*o C©«-&<Dj8a*«, 

2 0 0 umCD^y ^>^x^^4##K:•r5cb, 9 0 
%«±?S©t\ U-1f3feWt/y n>^;x/^ 1 KDrtgpr 

ctit ^y^^^x^i i6ortauru-tf**KiRS 

40 IS) 3tifcfcor«&< fc ?§SSMa«H^^3fe^0RJRCC 

I66*(2 0 0 0¥4fl) <Of7 2I^»7 3I<D 
rb*n#^jl/XU-if(cj:S^y 3>©ttiX«Ftts¥fflrj 

[0050] «c*j, v y n >^7 x «at«ffli»^s4 
n^t/ y 3 > «j x ^><d^® <hRMtci(j**r & c £ ccj: 
so «:sija-rsccDwnBa«K:fijtft-r4i»^fc*&o, flp 
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mc nti& g as ^ jss-t h ©» . - a mmiiBf t o fc 

[0 0 5 1 ] ( 3 ) %Stffi«^ffl$r«^b»«0»^ 

S^Mt, »^iC*5C^5^3ftK^l x l 0 8 (w/c 
m 2 ) jy±T^OMVl/^iH^ 1 nsMTO&ftrtMMir&o 

Uttilttt PRtflxiO 12 (w/cm 2 ) -C&& 0 
;l/^tS«WIAK 1 nsfetT^STS 0 < , 1 psJ^T^S 6CC 

w*«, au 2 @u— ymMTM^Wijtm (1997 

1 lfl) ©SI 05I-S1 1 
[0 0 5 2 ] feUi<D<£ ^K^B»»«l«:J:nj*»|(«« 
*ft©WW^^-r>£?&5±5K:or, flnx*t#»K: 

[0 0 5 3 ] (A)JaBt$«!l:^U^^X'!; 
^ (S3 7 0 0 ^m. ^S4-r>?) 40 

(B) U-lf 
3fcflg : *«t*U-1fft|aNd:YAGU—tf 
j&B : 1 0 6 4 nm 

l^-lf**** h»rffi»: 3. 14xi0-*on 2 

IgOilOMglfc : 1 0 0kHz 
^MUXrfs : 3 0 ns 
fcttfj : 1 m3/'*>l<X 

tf^n D d»: TBv\, 0 

«361*tt : BffiiS^ 50 
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(C) SB6fl§U>X 
«*: 5 0{& 

W\: 0. 5 5 

(D) ^:»ft»*Jt8B3ti4*«e<D»Kratt: 1 o 
0mm/# 

fax#mirc&&tf>:/;i<i ^©■S^ccfaor* Box 

XU- if 7t zmm -9" > ^ 2 CC R fi#© * U - 
C 0 0 5 4 ] H 1 4 «1f>:7% 1 ©W^S^Sl/c 

r&6 0 cne>(D?ffi^A-ji/x tr*©A*fM2 o 9 

CFttR(I3fc*«SW&C^Lri>£ 8 ^LT, H16{2H 
1 4<rcmw>y'j\s 1 ©XVI- XVlJIiCj&o/cKffi&Ma 

©xvii- xviitgtcS^/cKrB^^W^L/cSr* 
lJPX*fft«J"C*S^^^*^2 1 l©rt8MC*^ 

[0 05 5 1116 CC^TJ: 5 &C^;l/X U-1f^ffiitt 

Tl>£. — HI 7Ri^J:Mt^;*U-if^R 

b 9 0OtiS^O^^^<^6^C\ S 
3^ftA<bft5*|flj0^7^^#ir h9 OOti^ 
If > ^ 1 axfsifi^ > >Ol/ 2 J: 0 ^ < tc o r l > & B 
[0 05 6 ] COSI»IS*^6WWrPjE^^>«:»o3fc 

wrs. hi 8Mii 9«, ani»*w©wiiT«E^ 

iWBrFSE^ -f > 5 Cc»o t^SMI^ C 4 ted: 0 , 
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ii^KJt^r^a htSt*5^< a&, f-^t. El 1 8 (e 

[0057] tfc. Hi 9 icfjkir^mt, iW* V -If 
*©iftia<I*©7^#^l!lr?/E7 A > 5 4 fcg;* HXJi 

^#-^9 0 ©^JtBrPJc?' -C> 5 ©if!;frfr^©i££>'/!>5A 

*<fto-r**i. iiitni^afs? -t- > 5 tea 
tcj^fis^n-sf 7 ? b9 ob, mm^m? ■< > 
[00 58 ] a*$. ««a«®tiK)5 fe^T^rsjo^j- 

1- 9 OZBmVZi. <£or, UiW©ffR^© 

4. fil*«*©»£4B«©»MI*i£i; 
4. *R*4tt^a©ftS©*#/^M>ftS 
©*^T'*-5. «PJ**J/h3 < a&tS4*. *xt; 

h 9 0 Bfifftb^ftCCfQ-? tt&Wjz$ < ^5. fijg 30 
(I3teBtiRW^©tiRM3fcr&.5. ffiRi?#il rBR 

**<"Ctfc<.>. J: or. #5SJ6$J8K*Jt>Tt;ttllR* 
l©t§£B#**iai>. 

[0 059] 3S!lt««©lfffi® 9 ^^T^(S]©^ffi*5ffl 

gyjB l , igata&SM^/affi mm r t ra&© 
ci*ifx§„ */c. /nmi/^u— ifftcc-^riftf^Lfc 

[0060] xic % mmBm<D&&mzsawirz. 40 
[0061] [mim]*mm&m<Dmim<<mz,i,- 

ia2oo©«i«@tM. u— tfftnx^S2 0 0 

B. U-"!f*L£l6£T-5U--!f#«l 0 1 4, U— if 

*L©m^j^<;u^*i^*ssi5-r &/c#>tc u -tf %m 1 

0 i siws-rs u— tfgaiMmv 1024. u-if** 

1 0 l*6W»S^fcU-1f*L©fll3e©«R*%lllfflS 
TS«R^pgi5S|52 Oli, tSR^IpSP2 0 1 ^6tH 
S*3tifcU-tf*L©«Jt*«f9 0" tfUiGMtti 

9 0' lil$Eiagi5g|52 0 3 4, 50 
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[0 0 6 2] U — y^feiSl 0 1 !f*4#6i 

-r^NdiYAcu-ifr*)^. i/-f«.io ikw>sc 

4#r££ U — !f4 Lr. C©<fe. Nd:W0< U-+f-?>Nd: 

««t>*«naa««*jKfiS-r4tB^. nccyacu— tf. n 

d:YV0, U— If, Nd:YLFU-1f£R<,>£©?Wfjir*-5,, 

■»f*ffic>4©#»a-e*4. 

[006 3] If R¥sHgpgP2 0 US, 022 K^-TJ: 5 
fcl/4«6fi*R2 0 7*£tf. l/4»S«2 0 7tt* 

HlM e a 1 4 tc J: "j t»R«#©t» R**S«rcs 

S. -r*t>^> 1 /4 jfcgffi2 0 7 tcmtfSiRftJfeLP 

©AW*^AS*rs<t, aja*i*Bfje©tiin*©fliRffl 

*EPi&*. ^{4ft4«1fR©g#ixfi<t©i&-r^r 
±aSL/fcJ:5K^*JKK!SgK:tetir. flR*« 1 
fcW©»:?a«aflI3*i-5. «R*PBS«P2 0 ltCJ:<3 U 
— !f*L©aBt*3fSB©fllR** : »T-SfllR«*EFe* 
•5> 0 finx>ftm^ii©ff3. *W****or»R*BH 

[0 064] mittm® i (ce«a»feLP©u— tf*L* 
3ta*ig^ii%LPfj©r l u— yytL&mMmitLPCDt s 

r*l/4?gg«^ffiiif -Scfc^CC. «R#plHpg|32 0 1 
«l/4fcg*g2 0 7©^r&ft0*Uig5-rS. U 
— !f*iRl 0 1*6»B««*©L'— !f*LftifflW?n 
&©r, *nx*tatf i ©u— tfMW5cB0il^LP©u- 
1f*KW**iM-rS»^. ffR^pg5SB2 0 liJT^i 

[0 0 6 5 ] 9 0° m&mB%£2 0 3ii, |2 3tCipt 
J:5ttl/2ift«fi2 0 5*dtf. l/2feg«2 0 5 
«a^ffl*©ASt*K?(tLrB^-r5«**o< SjffiS 
^r«)-S 0 -Ttttofe. l/2jftS«2 0 5«:mK*t4 
ft 4 5" ©iftKHB^LPtOAWje^AStrSi. iSilTfe 
BAW^LPjK^Ur 9 0° ZctflsltEOfcfiiiilTfeLP, 4 
9 0' 0$EPS5g(52 0 3«, tfR^P(EPa52 0 1 
td*f 3 nfcU -If ^L©©* =5:9 0' 
£t§£\ l/2«fi^2 0 5*U— !f*L©3a*±KiB 
B3-&S«lft*-ra. 9 0' HliiSgpg|52 0 3 

«, ttn*isffJ3P2 o i*6B«f3nfci/-f*wDiB 
icomm cra*)%. u— tf^L^ 1 /2iss^2 o 5 

[006 6] U— tfttlX«g2 0 0«$6CC. 9 0' [1 
IsPlEpgP 2 0 3 rflBfc* 9 0 ' tcttmmSB 3 tiXB $ 

na t » u - tf % l# a w b u -if * L©*$ft© fa £ & 

9 0' ^AS^^fciE^^tifc^^^o^ ??;7- 1 

0 3 4, #^i>cM j-^'^-l 03r5S*3tifcU- 
1f*L^»*f 41*ffiU>Xl 0 5 4, H?fefflU>X 

1 o s-cmxzintcv— yfti&fflstztizmxftsm 

l^$gg§nStSB#l 0 7 4, «{gS10 7*)#i7^ 
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MSI 0 7CDX-Y^ffl£»XMI^lCD/?£:£fa 
neEHocoXT--^ 10 9,111,113,21 3(0^ 

^^^j^cor, Mx*tm^ i icxmr^u-^fytKom io 

^ScD^i^^ 0 J:o-C, m^T-iSl 1 3£Z$|f| 
#I^C^lfj£tf SC<b&C£^ JltJX2tf^ 1 (Dftmt \y 

Xr-^ 10 9 (111) CCj:^xC0?^^]i^8i)^# 
^C^CJ^t^o X(Y)#Xy— >>1 0 9 ( 1 1 1 > # 

[0 0 6 8 1 11 mVlZDUTMMtW) 1 CDflUXCC^VlxX U 

r#£&6^$U-^7£rkJ:t> 0 $*fflu>xi 0 20 

[0 0 6 9 ] U-1fflDX^g2 0 0«£6&C k 1 

0 7 ccttas*ifcjpx«ft«ji *nia*ia«:j:D met 

^o^^^-io 3Mmfflu>Xi 0 5 iHD 

1 0 5 iCDPs^C^-f ^P-T ^57-10 3#EB3ft 

<D7t#0[S]#^9 o° ^^i^tciegstirc^o n 

*1 1 9r»^M*K*f3*K CC[>SW3tifcpHK*j» 
^P-T^ ^7-1 03SO f MfflU>Xl 0 5 

[0 0 7 0] U-1fflnXSBB2 0 0ii36ti:. t-AX 

7*'J7^1 19, ^^^nY7^57-10 3St>'ft* 
fflU>Xl 0 5 ilUGTcfAXCClEg^n/cfi^m^l 2 

lRO'JStl/>Xl 2 3 SMSR^l 2UL 

r {iW^-tt CCDCcharqe-coupled device)*/ ^ ^#>& 0 
tt»r?5£ ^ ^ > 5 « «:2fir3Sffl 3 *JHIB U ft: *l\JLitm<D 
mtffi*. **^L/>X105, ^^P>f^57- 

10 3, ^-A^^'Jy^l 19*8)8^ tS«U>X 

i 2 3ris«3hrj*«*^i 2 i-cia«3*u 

-*£fc4„ 50 
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[0 07 1 ] U-^fttIXgS2 0 0«S6CC. 

i 2 l^^uj^snfcawf 5 - dr^A^snsaifcT*- 

1 2 5 U-tf»DX^g2 0 0±**«Wr 
1 2 7 ^£ 1 2 9 <fc. ZffiZ-Zo Wt 
ft^-dftefflffll 2 5». M^-££SKbriSSiffi 
1 7r«^0fcWta*©«-^«B3±«:^toii' 
^>/c560^7 ; -^^^-r^ o ccd^^-^^scc 
or x 7^-^*0188151 l bffiMzr-isi 1 3£Si& 

12 7tc*£6ft. ^<**UffllSpr^&S«iffl*^j:3ti, 

£ 1 2 9CCi£6ftS. enc<:£9, ^^12 9tCft^ 

[0 07 2 ] £{$ilHJSi!Sfl 1 2 7 Ktt, Xf"-«W»» 1 
1 5K0f-^, Jtf^-^SOSaU 2 5#»6CDB« 
^--*»#Aau cti^cDr-^^SCcor u-if7c 
ffiMflWl 0 2. USJBjftHl 1 7RWfH 
1 1 5*SJfflJ-rSCilc<fc^ l/-f)JDlM2 0 0^ 
($^r$lJW-r^ 0 J^r, ±^SUSISP1 27tt3>bT*- 

[0 0 7 3 ] 02 1»£>122 4£J3l>r, 

[0074] flnxfrtm© i (o^tmmmm^u 
c>r, SDX^^Hc^brjlBj^gX^^^^ 

l^SOU-tf^L^i-r-SU-I^TfeiSl 0 l£j§£ 

■r* (si o i ) o ^tc. jsoxa#**i©/i[s*iM5&r 

£ B /?3(D»JSteSSJl«BX*t*iBy 1 Offl*T*€:S(C L 

r s unx*ffiw i cDzw^o^i&fi^^-r^ (si o 
3) 0 cnn u-if3feL<Dm*^p*^x3tt^ i ©ft 

SPCC {ig £tt£/ctf>&c, »nX»m^lcDaM3^(4^T 

[0075] jjax^tm^i 1 £ u— tfflox^g 2 0 0 on 

g^l 0 7tCtgg-T6 0 fir, SL^ffl7£«l 1 7^6 

pj«**»a?itrjDX3**!fti*jSM-r4 (si 0 

5) 0 fflK3nfcW»r?5t^-Y>5*^tflinX*faSll 
<D»BB34«MMR^1 2 HCj:0}tftT6 o C©**-^ 
-^l^ftflfe^^ffiasi 2 5CCjH6ti^o CCDJSftx 
-irCcS-^c^raMRr-f 2 5WS^M1 

i 7 ©T5ffi3te©«i£#*ffi 3 cciaa-r ^ 9 ajujfiy- 
»*a»^4 (si 07) o 

[0 07 6] CcDtR^^-^tt^^-^MffllSIJl 15tc 
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MbCLXM*?--^ 1 1 3&miffa<D&$)$-&Z> (S 

i09) o cnccj: ^ , mmmytm i i 7 <D^\m<Dm 

Wftr-^Cl^^t, ^R^£^>5£^trtnX 
^H^-^^ftP®^! 2 7^U^^ 1 2 9 

W2«*ii^ 3 n & a 

[0 0 7 7 ] ^ttSfflSBl 2 7CCte^Xir^Sl 0 

o^l l 3(c^0SDX*fm^fl^zf^^jcc^tt$ 
*S (sill). 

[0 0 7 8 ]^fC, «R*R»»2 0 1CCJ:D, U-1f 
*ffil 0 1^6UJlf3tiSii«fi5feLPCDU--tf^L(DtS 
R^£i3gp-<r£ (si 13) o ttRmiHg6gP2 0 1 lO& 

[0 0 7 9] »ax>tta^ 1 «Y*:fr[fiiec©.oTijn 

ItSOt, U-1f3feLCD«Rffl*EP**rfllRcZ>S** 
**JHII»»«! 1 CDYtt^CcM07c^K^^ -Y > 5 CD 
tflfiji— ScT£J:5fiCpIg5-r£ (si 1 5) „ CWt 

[0 0 8 0 ] Y#*r*{c»-or»ix«*«i i £tinxT£ 

O-C. 9 0° tel$5l^gi5SP2 0 Is-lfftuDffiyt*: 30 

laI(E3#ttC^J:5«:*fflS*-r4 (si 1 7) . 
1 /2 ifcE**: U-1f*L©*l»^«CE!B3-tf SttfP* 

[0 0 8 1 ] U-lfjfciSCl 0 l*6U-1f*LtjJ43 

ttr . u -if 3tL«rjjpx*t a©? i 3 (omumc^ 

mdvmttv 4 > 5 CcJBJfT S. B 2 5 5iflnX*ta©J 

\<D¥-mmx'fo& 0 u— »f3(£L©»n(H*EPCDtsR*^ 
■rfi*^ax»*«j 1 o-t*©wK^7 -r > 5 &ca 

i i*»»i3<&r* ^akMasife^«:^}Bf^7-r> 

[0 0 8 2 ] -5" IT, Xfi^^-^l 0 9£l£l63t*:T 

9tCflnX*f^lOrtSi5tC^T^> 0 C*l£JS9jg-rc 
»*WlOrtM^«lB«ffll««*Jf5fiRr& (SI 1 50 
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9) o &:fo\ iSt8(136LP©u-if*L*ffir*tA«Ji«: 

u-tf3eLOit«ffl3eLP©w*^aix>pt*«j 1 o^k^ 

180*3*1*. 

[0 08 3 ] 9 0° EMEWffi»2 0 3«:cfcp, 1 

/2«fi«2 0 5 (123) *U-1f*L©*#Ji«CiB 
■ 3tf4Blf¥4T4. CtlCCiO, tfR^f|gpaS2 0 1 
3^6U«*3tlfcU— tf*L<D«**9 0 s tcVmtZHt 

zmmzvz (si 2 1 ) o 

[0 08 4] ^CC, U-lfJfcSH 1013&S6 U-lfitL* 
2S£3tfT, U-1f*L?:JDX>rtm^lCD^M3(D)#i^ 

^»DX>ftaf? 1 Ort«K©*3BfiS3ti*. SJBrPJe^ -Y 
>5&crfi5 J:5tcXfMf—^l 09£*£8&3tfT. ig 
Bltoffl««*tt»rF5£^ ^Y > 5 ic?ft*> <t 5 fcftll»*« 

[0 0 8 5 ] LT\ Vtt^f--^! 1 l«r^9&31± 

«:»orftix*t*«j 1 ©rt»«:*iiaia«irtt»isE-rs 

(SI 2 3) o &*s. SD»iH*LPCDU-l^L*»PX*f* 

wi tcffljw-r*ii^«, 02 sk^-t <£5cc&* 0 

[0 08 6 ] -eur, JWXSFt*i»l*«JWrPffi7-Y>5 
(Sl25) e cn^c^^ miLn^l^^^y^- 
[0 0 8 7] *l«©3»**BMirr4. CtiJCitiK, 
Sy6T-«iR*ec 3-&S*frt?*>oJ!iax3Pt*«l 1 ^rt^p 

>5CcMWLri^ 0 ^ir, x»xf-yi0 9*vlt 
^f*— ^1 1 1 ^^Iti3-i±^C<tCCj:0, ayt^PSrW 

mtwm *WWr^€^>f>5CC»9J:9CcftaX*f*«j 

fire^ce*^* s 4 . unis**«j*£ke«/h3 

4 L"C«J»r?3c^ -Y > 5 CC^^r JDXJft*«!f 1 ^fd£ C 

tic**), tmwbsttvmxsmtoi*WKir&c 

-Y > 5 hfthttijmte&inZftg. 3 if £ C 4 

< flnx^a^ i £«-r 5 c 4 #r * 4 □ 
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[0088] ^/c, mim^ti^ mx%im®mc0> 

[0089] MiMmistcx^&mim&xiriu, jrax 
wmm i osa 3 gc^jub^^ ^ > s a^m/c^g 

^ci^-et^. J: or, Jjpxstif^ l WW*.** 

^ * - > mm s n r i > & mTMmm^, smm^* 

mm tem^^j* mm $titc^ tin3$mt tc o ^ 
r&!5tti-e<fc£ 0 cfcoT. »i«ccj:titf, luiMi 

^\ m^ommmm) <D&m 20 

[0 0 9 0] £tc, mi Wc J:*i«, ftiX»*tt 1 <Dg| 
M3^Br^^^>5^?§I4b^l^r\ «JK^7 

^ > 5 coifs (comt, w&&*mfo t 5x.^<Dm&, ¥ 
m&? > y'<t& zmmm±<Dr$m-e&z> 0 )4/j^<r 

[0 0 9 1 3 *fc. 01«CCJ:titt, JjflX*f*^l©«J 

Wttixccu-if^fflc^cD-e, K**** 30 

[0 0 9 2] *fc, SglWcJrft^ 02 5MH2 7 

ffit^^OT, jraxat^B* i ©flnxx tr- K*raj±si* 
»»tciftH J a-rsff!irtBi«"c*>s 0 

[0 0 9 3 ] [I2M]^iC, **«SJ&l»<DlS2CT{COii 

if mx«« 300 (ommm urn r & £ „ u- mx&& 50 
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3 0 oom&mnos mz \^cmrm\m^c%hv 

— !fUPX^»2 0 0<D«lS«RiPI-»*(co^T:ttia 
-AMI 4 tt-T C 4 &c J: 53 *©»iH**B-r £ . 
[0 09 4] U-1fjtaX»H3 0 OCCte. »l«O90 

0 @?5fai5gp2 0 3#wfcre>*i-ci>«rt». sii^r— ^ 

2 1 3 fic J: 0 , l£H£ 1 0 70X-Y^S^flUX*ta«J 1 

[0 0 9 5 ] **tt»l^»2«CC^SU-1f»nX#ffi 

Wcfss U-tfflnX^ffiO^-r v ?*sl 0 1&>6*T"* 
7*S1 1 5<D«frflE*-r*. m2MecU8 0' lelltePIgp^ 
2 0 3#Rtt6ftTl>&C>©T, ^f ^'Sl 17 

[0 09 6] 77*S1 1 5SL Xf^^'Sl lgott 

feM 1 W 4 EI«CClJPX>Ft*«! 1W02 5 CC^-T J; 5 «t ft] 

1^2 13 49 0° K^mSS-ttSIWiBlirS, 

1 3<DEHS5CcfcOfflX»*«lttX-Y^ffiCC 

«C, rrcc^MM«ff^Xfi^mTUfc§J»f^^'Y> 
5 43i*-r4«JBrF3c^-<>fc?Bor, ff n®7tEFCD:fi 
»4^t5"tt-5C4^-C^^ 0 
[0 0 9 7 ] y7si 1 9 4B«CC, 

cc«.«j»r^5E^ > 5 fc?SoraiFx*r»w i ©wsBccie 
or ftpx^*!» i , JjDX^tm^f itt/»ja 
[0 09 8 ] w±»l8Lfc*IIW»«rtt, ^*T*iR 

ttX*»«K U-tf**JtMtr« C 4 CC J: 0 »0X*tm^ 

^^^>tc?SorxA*^c^»fTSC4^pJte4^^ 0 
[0 09 9 ] 

»PX««CCJ:titf, »PX«*!WO*ffiCC»j»^I»r?^ 
^^>^6^n/cfjn^05C4^<, ttJX>^m^4 
WKtSCimS. J:ot, »nx>pfmt54^K-r^> 

Mtt*iei±s-tt*c43W'c*s. *fc. **W(cffisi/ 
-ifflax*sac^u-ifjtanJS««Ccfc#i« v jwwccs 
K««*^r*4©rfiDX»»»oMrxt- K4rfij 
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if mx^<Dmxnm^(ow-mm x * & 0 
[02 ] 0 1 ^^mxnm^<Dii-im^m^tcmm 
mx&z. 

[03 ] **»?i5*jc«& u-tftrnx^^c^ u-if 

[04] SatCTn-rMX^t^CDlV-I^CCS^/cK® 

0T'&£. 

[15] EI3tc^TMX>r^^cov-v$^c^o}rcK®[l| 
£n/ctox#^<3¥®0T-&& o 
[® 8 ] *mbj&ttitcm& u-max^om i xnic 

[0 9] *!8»J^«CC«4U-lfIinX^ScD*2Xgtc 

[010] ^mmfc%zu-ymtt&<Dm3TM 

CC*jWSflpx*fft«H©BrffiH-C*S B 
[011] ^J^*CC{^SU---WiPX*ffi<Z)»4XS 
5C*5^4ljnx*f*«j(DBfliH-C*4o 

2n/c>y3>^x^ co — apse fe w & StIo^x^s l 

[013] *$MJItC^^ U-tfftIX#ffiCC:bt*S U 
-1f3fc<D?gfi<h^y n >|£«©F*jg|5C02liftSgi©ia«* 

[014] it«ffl*©^xu-tf*4JH*f'r&c<bCc 

^K^r^Lfc0r^>^ a 

[015] Rffl^^'^U-lf^^W-rScitcj: 

[0 1 6 ] 0 1 4fC^r^>^l/OXVI-.XVIiStC?&ofc 
[0 1 7 ] 0 1 5CC^*T1f >^I/©XVH-XVII»CC?&^ 

[018] u-tf»DX»ttK: J: 0 * ^ 

[019] tb«<btt-s u-ifanx^accjro ? 
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#CD¥ffi0"C&£ D 

[02i] ^mtmmoM 1 wcc«4 tfiraxsgcD 

[022] xmm&mom 1 «cc«s«r*swb»«cs 
1 /4«*«oMtaiar*4. 

[023] *j||fi^!IS(OS 1 0»CC«S 9 o ° m&MB%$ 
10 tc**tiS l/2afi«<0*4»Hr*S B 

[024] ^mmmmom 1 micas u-if jel^s* 

[025] 1 «CC«S U-tftol*fttC 

[026] *m$em<m 1 u-tfJDxatttc 

cfc 0 iS3tt«** W-T * u - If ftififfili StxtcWJxyy 

[027] 02 5 CCtR'TS'' V 3 > x ^fC*S»JB«© 
20 *l«Cc»4U--tfftIX*fttcJ:«3»R«**«"r*U 

-if ##iish s nfc ^ y n > ^ * ^o^s0 -c* s. 
[02 8] 02 6^^-r^y3>^x^jc*iiis^«io 
m i «cc»s u-ifflax^Ccfc osua«**w-ri u 

- If 3n/c^'^>^^ ^CD^M0 -c* s . 

[029] *hjs^jb©» i msci&z v-^mxtsmc 

[030] *^«Jg«©*2«K:«-5 !f JJDXJSa© 

30 [ 0 3 1 ] 0 2 5 CC^-T "J3>»)x ^(C*||flSff$g|or) 
»2 tWcffi* U -If ftlX^fetc J: 0 tf pjffl**wr £ U 

1 * • • jjnx*tftq» fc 3 • • • mm, 5 • - - 

7 • • -ttffffitt. 9 • ■ ■ 1 
1 • • ->>j3>^y\ 13 • ♦ • £M!l(&ffl1HJ& 7 

o • ■ • siift 9o- • • fvv ?mm. ioi- 

• • u-if*«. i o 5 • * • myem u>x, 107 • 

• * 1 0 9 • • • MAT-is, 1 1 1 — • Y 

40 ixf-i/, 1 1 3 • • • Zi^f-y, 2 00 •• • 
U-lfttJXSBE. 201 • tf R^IRSiSffi. 2 03 • 

• • 9 0° senwap ( 213-— ^xr-^ 3 
00 • • • is—yiMxms, p- • -m*^ lp- • • 

ttHfil^ ep- • -WRffl* 
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B 2 3K 101:40 H0 1L 21/78 B 

C72^m^ Wllj LtB F^-A(M) 3C069 AA01 BAOS CA05 CAU EA01 

w>mmmfcft-fcm ®ni2mtiti<D 1 eao2 eaos 

b — ^X£M^*±ft 4E06S AEOO CA02 CA03 CB10 CD08 

(72)^# fflXffl DA10 DB13 

Wl^m^llTTfiifBrmS^iffiO 1 4G015 FA06 FB01 FC14 



